Several recent empirical studies have examined the gender effects of education on economic growth or on steady-state level of output using the much exploited, familiar crosscountry data in order to determine their quantitative importance and the direction of correlation. This paper undertakes a similar study of the gender effects of education using province level data for Turkey. The main findings indicate that female education positively and significantly affects the steady-state level of labor productivity, while the effect of male education is in general either positive or insignificant. Separate examination of the effect of educational gender gap was negative on output. The results are found to be robust to a number of sensitivity analyses, such as elimination of outlier observations, controls for simultaneity and measurement errors, controls for omitted variables by including regional dummy variables, steady-state versus growth equations and considering different samples.
Introduction
This study is concerned with the separate output effects of female and male education, as well as output effects of educational gender gap. In the recent growth literature, it is well accepted that female and male education affects the output levels and growth in different ways. First of all, female as well as male education expands productivity directly and indirectly as higher output increases physical capital investments. In addition to these separate productivity effects of female and male education there are a number of different channels through which female education plays a role in economic development and growth. Female education reduces fertility and infant mortality, improves household and child nutrition and health, increases life expectancy and increases the quantity and quality of children's education. These effects of increasing female education can increase output levels and growth indirectly. The rates of return to education estimates based on micro individual earnings data underestimates the true contribution of female education to output, since the indirect effects are ignored in the micro data. Macro data captures the direct as well as the indirect effects of female education, although even the macro data cannot encapsulate the positive effects of female education in home production on measured productivity. Further, the indirect effects of female education are important especially in developing countries. Therefore, this study concentrates on the total effect of female education and separately of male education on output in Turkey. As evident in the literature, there is controversy surrounding the gender effects of education on growth. This paper attempts to provide new evidence on this issue from the perspective of a single country rather than a cross-country viewpoint.
This paper aims to estimate the separate long-run effects of female and male education and pertains to the provinces of Turkey for the period 1975-2000. The model developed by Knowles, Lorgelly and Owen (2002) is taken as the basis of the estimating equations. This framework of Mankiw, Romer and Weil (1992) is based on Solow (1956) and Swan (1956) . Knowles Lorgelly and Owen augmented the Mankiw, Romer and Weil model to include separate female and male education capital and health capital variables. Knowles et al. (2002) criticize the previous literature on growth as ad hoc and provide a theoretical framework where it is possible to relate the long-run effects to output elasticities of physical capital, female and male schooling, and health capital.
In addition to estimating the separate long-run effects of female and male education this study also employs a reparametrization of the model à la Knowles et al. (2002) to examine the effect of the educational gender gap on output. The methodology we use includes robust regression on pooled panel data controlling for regional and time effects. The results are found to be robust to a number of sensitivity analyses, such as elimination of outlier observations, controls for simultaneity and measurement errors, controls for omitted variables by including regional dummy variables, steady-state versus growth equations and considering different samples.
For given levels of male and female education, the gender gap in education might negatively affect output and growth through several channels. According to Dollar and Gatti (1999) , the educational gender gap leads to a misallocation of resources while Klassen (2002) believes it restricts the access to employment and technology. Empirical literature using crosscountry data does not have a consensus on the effect of female education on productivity. Barro and Lee (1994) and their subsequent contributions (see next section for references) find a negative effect of female education and a positive effect of male education on growth while Hill and King (1993; and Knowles et al. (2002) find a positive effect of female education on output using cross-country data. This study, which employs cross-provincial data for Turkey, finds that female education positively affects output while the effect of male education is either positive or insignificant. Further, the educational gender gap is found to reduce output. These findings point to the importance of female education in development and growth, in addition to that of male education and an adverse effect of the educational gender gap on output for both the developed and less developed provinces of Turkey.
Section 2 reviews the literature on the gender separate effects of educational capital on output and growth, as well as the effects of the educational gender gap. The empirical growth model with separate female and male education and health capital à la Knowles et al. (2002) is outlined in Section 3. Section 4 provides background information on Turkey and the data used in this study together with recent developments in educational attainment levels in Turkey. Estimation results using various techniques are presented in Section 5. Concluding remarks and policy implications appear in Section 6.
Previous Studies on the Effect of Male and Female Education on Economic Growth

Separate Effects of Male and Female Education
Recent literature on empirical growth in the late 1980s and early 1990s included human capital as a main determinant of growth. These writings started with Lucas (1988) and Romer (1990) . Subsequent studies, such as Barro (1991) , Mankiw Romer and Weil (1992) and Islam (1995) provided empirical evidence on the impact of education on growth. Various cross-country or time series studies produced uncontested evidence that increasing educational levels and health improves labor productivity contributing to greater economic growth. More recently researchers investigated the effect of male and female education separately on economic growth. The empirical evidence on the separate effects of male and female education on economic growth have been contradictory and not as theoretically expected in several studies. In this section we provide a brief summary of the studies on the separate effects of male and female education on growth. Benavot (1989) was the first researcher to point out that male and female education may impact economic development differently since the dynamic effect of the increase in female education differs from that of male education in particular on labor force participation, age at marriage, fertility and migration. Barro and Lee (1994) extended the earlier work of Barro (1991) to include not only education but also health in their definition of human capital.
They further, investigated the separate effects of male and female education as measured by average years of school attainment. They estimated growth equations with the seemingly unrelated regression equation (SURE) method using cross-country data for 95 non-oil producing countries for two time periods 1965-1975 and 1975-1985 . Their controversial finding is that while male education is positively related to growth, the female education is negatively related to growth. They explained this "puzzling" (Barro and Lee, 1994: 18) result by suggesting on the same page that the large gender gap in education is "a good measure of backwardness; hence, less female attainment signifies more backwardness and accordingly higher growth potential through the convergence mechanism." Stokey (1994) replicating Barro and Lee (1994) 's results finds that the coefficient on female education becomes insignificant when regional dummy variables are included in the estimation. She also notes the multicollinearity between male and female education variables. Lorgelly and Owen (1999) also replicated the Barro and Lee estimates and subjected them to a number of tests for identifying influential observations and outliers. Like Stokey, they too find that the influential observations on the East Asian countries of Hong Kong, Singapore, Korea and Taiwan are responsible for the "puzzling" finding in Barro and Lee study. Further exclusion of other influential observations led to statistical insignificance of the both male and female education variables. They conclude that Barro and Lee's results are sensitive to the samples used and Barro and Lee's "backwardness" explanation is unconvincing. Barro and Sala-i-Martin (1995) , and Barro (1996a; 1996b) extend the Barro and Lee (1994) model by including educational details such as male and female secondary and higher education. The results in these studies are consistent with those in Barro and Lee (1994) in that male secondary and higher education coefficients are statistically significantly positive while those on female education coefficients are negative. Further work with similar specifications such as Barro (1997 Barro ( , 1999a Barro ( and 1999b used an extended data set with the main finding that female education coefficients are no longer statistically significant. Perotti (1996) is another author who finds similar results to Barro and his associates in the sense that the growth effect of male education is positive and significant while that of female education is negative and significant. Durham (1999) , while investigating the effect of political regimes on growth, finds that the effects of male and female education on growth are both insignificant.
However, when he considers the less developed sample, the effect of male education is negative and that of female education is positive, and both are statistically significant. Schultz (1995) estimated two simple regressions of output for 1970 and 1980 on expected years of male and female school enrollments for 65 countries. He found significant and positive effects of male and female education on output where the coefficient for female education was larger than that of the male. Caselli, Esquivel and Lefort (1996) pointed out the econometric estimation problems in the Barro and Lee studies. They argued that the estimates of male and female education coefficients in the growth equations suffer from inconsistency. This inconsistency could be a result of the omitted variable bias due to misspecification of the country-specific effects. It could also result from ignoring the possibility of simultaneous causation between growth and education variables. In order to solve inconsistency they used GMM estimation which eliminate the country-specific effects and instrumental variable estimation with lagged values of the independent variables as instruments to address the simultaneity issue. They used panel feature of the cross-country data on 97 countries with observations on five year periods for the 1960-1985 period. They estimated an extension of the Mankiw, Romer and Weil (1992) as well as an extension of the Barro-Lee generic estimation equation. They obtained results opposite to those of Barro and Lee. Their statistically significant education variables were positive for female education and negative for male education indicating a complete reversal of the signs from that of the Barro and Lee results. They accept that "both results are puzzling because, ... there is no theory that is consistent with different signs for male and female human capital" (p. 379). Forbes (2000) uses the first-difference GMM estimator and Yamarik and Ghosh (2004) employ a system GMM estimator to deal with the problems of omitted variable and endogeneity bias. They too find a positive and statistically significant effect of female education on growth. The effect of male education on growth was either insignificant (Forbes) or negative and statistically significant.
A further examination of the separate effects of male and female education on growth is carried out by Dollar and Gatti (1999) . Contrary to previous studies they measured male and female education by the percentage of the male and female population who completed secondary school. The equation they estimated is the basic panel growth model. In one version they added male and female secondary school proportions separately. In another version they used educational gender inequality as measured by the differential between female and male educational attainment. They found a negative coefficient estimate on male education and a positive one on female education both of which were only marginally significant. They also addressed the potential endogeneity of both the male and female education and carried out the instrumental variables estimation with results similar to the initial estimates. They further divided the sample into groups of developed and developing countries by using the female educational attainment as the criterion. Those countries where the percentage of the female population with some secondary school attainment is larger than 10.35 were considered as developed. Their estimation results for the developing countries yielded insignificant coefficient estimates on the male and female secondary school attainments. However, their results for the developed countries resulted in an insignificant (negative) coefficient on male secondary school attainment and a significant positive coefficient on the female secondary school attainment. These findings for the developed countries are similar to Caselli et al. findings but opposite of the Barro and Lee findings for the full set of countries. Klaitzidakis et al. (2001) address the issue of nonlinear educational effects with panel data. They find that the female education and growth are positively related at low levels of schooling and negatively related at high levels of schooling, while male education and growth are positively related at high levels of schooling. Boopen (2006) , in a time series analysis for Mauritius, finds that both female and male education, as measured by the secondary enrollment ratio, affect economic growth positively and significantly.
Evidence with Gender Gap in Education
Another group of researchers focused on the effect of the gender gap in education on productivity and economic growth. The main contention here was that the educational gender gap hinders economic growth. This is also viewed as a way of reducing the possible high multicollinearity between the male and female education variables. King (1993 and were the pioneering studies utilizing this approach. Hill and King estimated an output production function with inputs of the stock of physical capital, the labor force, the female secondary enrollment rate and the educational gender gap as measured by the female to male enrollment ratio. Here they used either the female to male enrollment ratio at the primary level or at the secondary level whichever is the smallest. They used data for five-year periods between 1960-1985 for a sample of 152 countries. Their OLS estimation with the pooled data yielded significant positive coefficients on capital stock, labor force and female secondary enrollment rate and significant negative coefficient on educational gender gap variable. Their simulation results indicate that among the two otherwise similar countries in terms of their level of female education, labor force and capital stock, a country with the larger educational gender gap will have 25% lower output than a country with smaller educational gender gap.
At the micro level, Kara (2006) finds that promoting the education of women reduces gender inequalities by decreasing the gap in wage differentials in higher education. Sadeghi (1995) estimated a simple GDP growth equation on gender gap in literacy levels and further on gender gaps in primary or secondary enrollment rates. In all cases, he found significantly negative coefficients for all the educational gender gap variables on output growth. Klassen (2002) followed a more extensive approach and investigated both the direct and the indirect effects of educational gender gap. He also argued against use of male and female education variables separately due to possible high multicollinearity between them. In his growth equation he included a variable for total level of education and a variable for the educational gender gap in order to identify their separate effect on growth. Unlike King (1993 and who sought to explain levels of GDP, he used growth of per capita GDP as his explanatory variable. His growth equation included initial values of total education and gender gap in education as well as their growth rates and other variables. The gender gap in education was measured by female to male ratio of years of schooling. The growth rates were computed over the period. His main finding is that both the initial educational gender gap and the rate of growth of educational gender gap have significantly positive effects on economic growth. Addressing the issue of endogeneity of the educational variables using instrumental variables estimation produces similar findings. He also concludes that the causality runs from educational gender gap to economic growth and not the other way around.
Unlike previous studies which were mostly ad hoc estimates, Knowles, Lorgelly and Owen (2002) based their estimates on a theoretical model. Their model is an extension of the neoclassical growth model ala Mankiw, Romer and Weil (1992) . They include male and female education and health capital separately. They further reparametrized the model to include educational gender gap. Their interest is to estimate the long-run steady-state relationship for per capita output. They estimate it by OLS using a single cross-section data on variables averaged over the period for 72 developed and developing countries. The unmeasured country-specific effects are taken into account by including initial technology measure. They also use instrumental variables estimation to take into account possible endogeneity of education variables. In the original formulations the coefficient estimate on female education is significantly positive while that on male education is insignificant. In the reparametrized models, the coefficient estimate on female education is insignificant while that on educational gender gap is significantly negative. The results are similar to those obtained by King (1993, 1995) and Klassen (2002) but contradict the Barro and Lee findings.
In an attempt to reconcile Barro and Lee results they estimate their equation with initial values using 1990 data. They find that the coefficient on male education is significantly negative while that on female education is insignificant.
Background on Educational System in Turkey
A preliminary examination of the data informs us on the mean years of schooling of the males and females in the seven regions of Turkey given in Table 1 . Significant regional gender differences on male and female mean years of schooling are observed in this Table. The region with the highest male education attainment is Marmara between Table 2 gives the gender gap in education as measured by the ratio of female educational attainment to the male mean years of schooling. For all of the regions this ratio is less than one indicating that the female mean years of schooling is less than that of the male. Finally, we note in Figure 1 , that the rate at which the regional gender gap is closing differs by the regions of Turkey. This figure shows that the Southeastern Anatolia has the fastest decline in educational gender gap between 1985 and 2000, although it still remains the region with greatest gender disparity. Table 3 gives the regional disparities in male and female educational attainment levels.
All regions are compared to the Marmara region, which as we noted, has the highest education attainment levels for both males and females in Turkey. The table gives the ratio of the educational attainment of each region to the educational attainment in Marmara. We see that regional disparities in educational attainment have nearly disappeared for males in the year 2000. For females, there remains a significant gap between the Southeast and Eastern Anatolia regions and the Marmara region. Table 4 provides distribution of female and male education of the labor force over the years for the less developed and developed province groups. As it is evident in this table, the less developed provinces have significantly lower average mean years of schooling especially for females. For both the less developed and the developed groups, the increase in the mean years of schooling is substantial. For the less developed provinces the increase is 168 percent over the period of 1975-2000, although it remains below the primary level of schooling. For the developed provinces the increase is 105 percent over the same period. Therefore we observe a faster improvement in educational attainments in the less developed provinces than in the developed provinces.
Theoretical Framework
The Mankiw, Romer and Weil (1992) human capital-augmented model of economic development provides the theoretical framework for the present study. Following Knowles et al. (2002) , we examine the effects of female and male education on growth separately by including them as distinct factors in Cobb-Douglas constant returns to scale production function. The production technology is given by:
where Y represents the level of real output, K is physical capital, EF is the female educational attainment variable, EM is the male educational attainment variable, X is the stock of health capital, A is the unobserved level of technology and L is the labour force. Technology is labour-augmenting so that advances in technology lead to increases in output per worker. The female and male educational attainment variables are measured respectively as the average years of schooling of the female labour force and the average years of schooling of the male labour force. The constant returns to scale assumption 2 of a Cobb-Douglas technology allows us to rewrite equation (1) in terms of per effective units of labour, denoted by lower case letters, by multiplying all factors of production by 1/AL.
Lower case letters indicate that quantities are in terms of per effective units of labour.
Labour grows exogenously at the rate n, which differs across provinces, and technology grows exogenously at the constant rate g. These assumptions are given by the equations
. The accumulation of physical capital, female education, male education and health occurs as follows.
Dots over variables indicate the rate of change for those variables. The shares of output invested in physical capital, female education, male education and health capital are given by s k , s ef , s em and s x respectively. δ is the rate of depreciation, assumed to be the same for both physical and human capital, although in reality they need not be the same 3 .
The steady-state values for physical capital, female education, male education and health capital are obtained by setting 0
. These steady-state values, which are denoted by *, are substituted into equation (2) and logs are taken of both sides.
where η ≡ 1 -α -β f -β m -ψ. This equation may be rewritten in terms of the steady state stocks of female education, male education, and health capital. The final estimation equation where the technology term (gt) is treated as a constant and subsumed in a and an error term is attached is given below.
The restricted form of this equation is
Equations (10) and (11) below give, respectively, the unrestricted and restricted forms of the model rewritten in terms of the gender gap and the male education variable.
Similarly, the model can be written in terms of the gender gap and female education variables.
The corresponding unrestricted and restricted equations are not provided to save space.
Data Description
The dataset used in this study consists of data collected over four time periods for the 67 provinces of Turkey. The time periods are 1975-1980, 1980-1985, 1985-1990 and 1990-2000 . The variables used in the regressions are average values over the period concerned. An important advantage of using regional data from a single country is that there is less likely to be variation across cross-sectional units (e.g., the provinces of Turkey) as a result of differing variable definitions and/or data collection techniques. This study therefore avoids, at least to some degree, the sort of data problems (consistency, availability and measurement) that necessarily prevail in a cross-country dataset.
While using regional data from a single country reduces the cross-sectional variation The health capital variable used is the number of hospital beds per population. We also experimented with using life expectancy and the number of hospitals per population as proxies for health capital. Industrial electricity consumption is used to approximate the rate of utilization of physical capital as it is done in the literature (Lau et al., 1993) . This proxy is a good approximation to the rate of utilization of capital which is the relevant concept in the production function. The industrial electricity consumption of the provinces are obtained from the publications of the Turkish Electricity Agency authorities. Mean years of formal education completed by the male and female labor force is taken as the proxy for educational human capital. The mean years of formal education is estimated as a weighted average of the portion series, while the older real GPP series based on Özötün's work (Özötün, 1980, 1988) is computed using sectoral deflators. In order to make the new GPP series more compatible with the earlier series, we used Özötün's sectoral deflator method to calculate the real GPP values for each province for the years 1990 and 2000 instead of using the real GPP data provided by SIS for those years.
5 The newly created provinces and the original provinces from which they were created are as follows: In 1990, Güngör (1997).
Estimation Results
Estimation Issues
Cross-country studies of economic growth and development have been criticized on various grounds. Mankiw et al. (1995) Endogeneity can arise due to simultaneity, omitted variables or measurement error, and can have serious consequences for the LS estimators. There is reason to believe that there may be an endogeneity problem concerning the male and female education variables. While a more educated workforce is believed to increase productivity (per labour force income), being located in more developed regions (regions with higher productivity) also implies the existence of greater opportunities for participating in education and training activities.
In addition, labour productivity is enhanced not only by the total years of schooling of the workforce, but also by the quality of the education received as well as other factors that contribute to human capital accumulation, such as access to health resources (hospitals, doctors, nurses, equipment, quality services). Not accounting for these factors is, therefore, a serious omission in a model of labor productivity.
While we do not have measures for these omitted factors, we know that they must be related to the location of the workforce. In general, developed regions have more schools, more hospitals and better quality services than less developed regions. The inclusion of regional dummy variables may therefore capture, to some extent, the unobserved quality of institutions across regions with differing levels of development. In equations 8-11 of the theoretical framework section, Knowles et al. (2002) Inclusion of regional dummy variables may thus account for the unobserved differences in technical efficiency that may persist among the provinces and may be better represented at the regional level.
Schooling attainment (average years of schooling) is used as a proxy for human capital accumulation gained formally through the education sector. One of the shortcomings in using the average years of schooling as a measure of educational differences among provinces is that it fails to account for quality differences in education. Is a year of schooling in a developed province such as Izmir comparable to a year of schooling in a less developed province such as Bitlis? It is also questionable whether different schools within the same province provide schooling of uniform quality. Rural areas have a clear disadvantage in providing quality educational services to students compared to urban centers. Hanushek and Wöβmann (2007) have pointed out, within a cross-country context, the limitations of using educational attainment levels without considering quality differences when studying the impact of schooling on economic variables such as growth and development. Even when there is a catch-up among countries in terms of the quantity of education, this does not imply a catch-up in terms of quality. Hanushek and Wöβmann (2007) offer this as an explanation as to why there has not been a strong or conclusive link between schooling and growth or development in cross-country studies. They have suggested the inclusion of international test scores as a possible remedy and review the studies of the effects of quality of education on economic growth and development. In general, these studies indicate that quality of education is able to explain variations in output across countries better than quantity measures of education. In fact, the inclusion of quality measures lead to insignificance of the quantity measures such as average years of schooling. In addition, the study by Jamison, Jamison and Hanushek (2006) shows that the impact of mathematical test scores on growth is mainly through its positive effect on the rate of technological progress. So, these studies indicate that the inclusion of quality measures of education is very likely to change the results on the impact of education in empirical studies.
Pooled Estimation Results
In this section we consider the estimation of the main relationship in this study for explaining the steady state levels of output per worker where female and male education enter separately as explanatory variables. This relationship is given by Equation (8) in Section 3
with Equation (9) as its restricted version. The restriction is that the coefficients on the capital share and modified population growth terms sum to zero. Estimates in this section are based on data pooled over the census years (1975, 1980, 1985, 1990 and 2000) . We present these estimates in order to enable comparisons with the works of previous researchers who reported pooled estimates, such as Islam (1995) , Hill and King (1993; and Dollar and Gatti (1999) . Two main advantages of pooled data are increased degrees of freedom and reduced potential multicollinearity. A number of researchers such as Stokey (1994) and Lorgelly and Owen (1999) has shown that Barro and Lee's (1994) empirical results using cross-country data are not robust to the exclusion of countries that could be influential observations or outliers. Robust regression methods such as robust regression, least absolute error or least trimmed squares are also suggested to deal with influential observations and outliers (Rousseeuw and Leroy, 1987) . We adopted the robust regression technique (rreg) and reported the estimates based on this technique. This procedure first eliminates gross outliers for which Cook's Distance is larger than unity, then performs Huber iterations followed by biweight iterations suggested by Li (1985) as performed in Stata program. Table 5 reports the estimation results and Table 6 presents the descriptive statistics for the full sample of 67 provinces as well as for the 38 less developed and the 29 developed provinces. Less developed provinces are defined as those which are given priority in public investment by the State Planning Organization. The remaining provinces constitute the developed provinces. This division of the sample is meaningful since the literature emphasizes the role of the female education especially in the development process. Such differentials between developing and developed countries were expected by Dollar and Gatti (1999) and Knowles et al. (2002) . Therefore, it may be sensible to expect differences in the estimates of female and male education in the less developed and developed provinces samples. In all the estimated equations the coefficients on both the modified population growth and the physical capital investment share variables are highly statistically significant.
The validity of the restriction is tested with an F-test. If the validity of the restriction is not rejected, we then estimate the restricted equation (9). The restricted equation estimates (not shown) are used to derive the implied labor productivity elasticities of physical capital input, female education, male education and health capital, which are also provided at the bottom of Table 5 together with, in parentheses, their asymptotic standard errors. The stars indicate the significance levels for the test of the null hypothesis that the relevant elasticity equals zero.
For the sample of all provinces, the coefficients on female education, male education and health capital are all statistically significant. This result implies that ceteris paribus, the provinces with higher levels of female and male education will have higher levels of labor productivity. The statistical significance of the female education is reduced to 10 percent when region and time dummies are included. Further, the coefficient on male education increases substantially with the inclusion of the region and time dummy variables. Since the restriction is not rejected, the implied elasticities are also provided using the restricted model estimates. The labor productivity elasticities of all of the regressors are statistically significant. For the sample of less developed provinces, the coefficients on male education and health capital as well as their relevant elasticities are statistically significant but not the coefficient on female education. As for the sample of developed provinces only the coefficient on female education and its labor productivity elasticity are statistically significant whereas the male education and health capital are statistically insignificant. The relatively low point estimates for the physical capital investment share may be due to the use of industrial electricity consumption to approximate capital investment 6 . Similar results for physical capital share are obtained by Lau et al. (1993) who also used electricity consumption as a proxy.
The middle part of Table 5 provides the estimates of alternative parametrizations, which include the educational gender gap, either with female or male education. Equations (11) and (12) are respectively, the unrestricted and restricted forms of the model rewritten in terms of the gender gap and the male education variable. Since they are reparametrized versions of the Equation (8), the estimates are equivalent to those discussed in the previous paragraph of Equation (8) . The sign on the gender gap variable depends on the education variable included in the model. The expected sign on the gap variable is positive when female education is included and negative when male education is included. The statistically significant coefficients on the educational gender gap when female education is used except in the developed provinces sample reflect the significance of the elasticity of male education (β m ). The statistically significant coefficients on the gap variable when male education is used except in the less developed provinces sample reflect the statistical significance of the elasticity of female education. These estimates reiterate the previous estimates and further
show that the educational gender gap negatively affects the labor productivity. In the case of all provinces, less developed and developed provinces the restriction β f = -β m is rejected.
Together with the statistical significance of the gender gap, these indicate that female and male education, as well as the gender gap, affects labor productivity. Another feature of the estimates with gender gap is its implications about multicollinearity. Researchers often commented that high multicollinearity between female and male education prevent gauging their separate effects by inflating their variances. In order to avoid multicollinearity some researchers used educational gender gap along with either of the female or male education. (Hill and King, 1993; Klasen, 2002; Knowles et al., 2002) . Indeed, for the sample of all provinces, the correlation coefficient between female and male education is 0.898, compared to -0.975 between female education and the educational gender gap, and -0.777 between male education and the educational gender gap.
The regional control variables in Table 5 suggest that there are important regional differences in labor productivity. For instance, labor productivity in the Aegean is about 10 percent lower than in the reference region Marmara, while in all other regions the relative decline in labor productivity compared to Marmara ranges from 14 percent in the Mediterranean to 37 percent in the East. In the case of all provinces, the Southeast does not statistically significantly differ from Marmara, but has 26 and 29-32 percent lower productivity respectively for the less developed provinces and the developed provinces.
In the estimates in Table 5 with it an improvement in labor productivity (Saygılı et al, 2005: 83) .
Sensitivity Analysis
In this section we report the results of a number of sensitivity analyses. These included (8) and (9) and reparametrizations with educational gender gap variable. In these cases we have used the robust (heteroscedasticity-consistent) standard errors since Pesaran and Smith (1995: 94) argue that they are appropriate for regressions with long time averages 8 . In order to deal with the issue of influential or outlier observations, robust regression and Cook's Distance (CD) criterion is used to select the observations for deletion such that CD i >4/n where n is the sample size 9 . We have also obtained estimates based on other criteria 10 .
OLS and Two Stage Least Squares (2SLS) estimates of Equations
7 It should be noted that the 1965-1976 period is one where the government employed a successful importsubstitution strategy with government control over the financial sector. This was followed by a crisis period between 1976-1981. On January 24, 1980, a stabilization program was initiated that shifted Turkey's development strategy from an import-substitution to an export-led growth strategy with a decline in the role of the state in the economy and the liberalization of financial markets. The post 1981 period is considered to be an adjustment period under this new strategy.
8 Knowles et al. (2002) use multivariate extention of the asymptotic standard errors obtained by Moon and Phillips (1998) for time averaged regressions which they find to be equivalent to the robust standard errors as well as to the conventional standard errors.
9 CD i is given by h i e i 2 /ks 2 (1-h i ) 2 where hi is the leverage, e i is the residual, k is the number of regressors including constant, s 2 is the mean squared error and i indicates the observation (Belsley et al., 1980) .
In the OLS estimates of Equation (8), health capital, proxied by the number of hospital beds per population 11 , is not statistically significant and it does not affect the significance of other variables. In the estimates for all provinces only the coefficients on female education and health capital are positive and statistically significant whereas the coefficient on male schooling is insignificant when OLS, robust regression and Cook's Distance criterion are used with and without regional dummy variables. However since a test of the restriction is rejected in all models the implied elasticity estimates cannot be computed. In the estimates for the less developed provinces, health capital is mostly statistically significant but not in the developed provinces. In both cases the restriction is mostly not rejected enabling computation of the elasticities. For the less developed provinces the elasticity estimates for both the physical capital share and the male education are positive and statistically significant. In the estimates for the developed provinces the elasticities on female education are statistically significant while those on male education are insignificant. We have also estimated alternative parametrizations, which include educational gender gap, either with female or male education.
Since they are re-parametrized versions of the Equation (8), the estimates are equivalent to those discussed in this paragraph of Equation (8). In some cases both the female and the male education elasticities and in some cases only female education elasticities are positive and statistically significant. Further, as expected the sign on the gap variable is positive when female education is included and negative when male education is included implying negative effect of the educational gender gap on labor productivity.
For the purpose of comparison with studies using growth models, we estimated the extended MRW (1992) model using the growth framework in Knowles et al. (2002, Equation 18 ) and Knowles and Owen (1995, Equation 12 '). In the estimates for all provinces and the samples of less developed and developed provinces we accept the restriction. The elasticity of female education is positive and statistically significant in all three cases, while that of male education is negative in the case of all provinces and insignificant in the cases of less developed and developed provinces. The negative and significant coefficient on male 11 Life expectancy at birth is frequently used to proxy for the stock of health capital. A number of researchers such as Barro and Lee (1994) , Knowles and Owen (1995; and Knowles et al. (2002) used life expectancy as an indicator of health status. Following Knowles and Owen and Knowles et al. we also used a nonlinear transformation of life expectancy at birth (LE) calculated as ln(X) = -ln (85-LE) which gives the difference of life expectancy from 85 years. This variable was not statistically significant in most of the estimated models. Therefore, in place of life expectancy, the number of hospital beds per population is used as a proxy for health capital education is similar to the finding of Caselli et al. (1996) . One might also include a set of control variables again for the purpose of comparison with Barro-Lee approach cross-country studies. However, we did not pursue this due to lack of provincial data on such variables as investment and government consumption.
A potential source of inconsistency in the coefficient estimates is endogeneity of the explanatory variables in Equation (8). There may be possible simultaneity between the education and health capital variables on the one hand and output per worker on the other as it is discussed by Bils and Klenow (1998) and Pritchett and Summers (1996) . Other factors that may imply endogeneity of explanatory variables include measurement errors in the female and male education and the health capital variables as well as the omission of labor productivity enhancing variables such as the quality of education and health care services and other factors that contribute to human capital accumulation. In order to address the issue of potential endogeneity of the regressors 2SLS estimates are carried out 12 . The exogeneity test of the female and male education jointly by Durbin-Wu-Hausman test and of the health capital are not rejected except in one case, implying that OLS estimates are appropriate. The 2SLS estimates support the OLS estimates in that ceteris paribus, increases in female education lead to increases in labor productivity. In conclusion, various sensitivity analyses show that in some cases both the male and female education elasticities and in some cases the female education elasticity are statistically significant supporting the pooled estimation results.
International Comparisons
It is well known that there is considerable inconsistency and contradiction in the international evidence on the effect of female and male education utilizing cross-country data.
12 As suggested by Bils and Klenow (1998) and Knowles et al. (2002) , a number of climate variables together with distance and population variables are used as instruments for education variables. Two different sets of instruments are considered. The validity of the instruments is tested by using Hansen test (1982) version of the Sargan test of overidentifying restrictions. The overidentifying restrictions are not rejected implying valid sets of instruments. The relevance of the instrument sets is tested with the LM version of the Anderson (1951) canonical correlation test. The null hypothesis of underidentification is rejected in all of the models. The first set of instruments includes, the altitude of the provincial center and the distance of the provincial center to Istanbul. The rest of the instruments are climate variables, which are averaged over the period 1975-2000. They include the ratio of the rain in the heaviest month to the average, the log of the highest temperature in April, the difference between the highest monthly high temperature and the lowest monthly low temperature, rainfall and the population density. The second set includes, in addition to those listed above, the urban proportion of the population. These data are obtained from TÜİK sources, Turkish Highway Directorate and the Turkish Meteorological Directorate.
The very first of the studies by Barro and Lee (1991; 1996a; 1996b) , Barro and Sala-iMartin (1995) and Perotti (1996) find negative and statistically significant effect of female education and positive and statistically significant effect of male education which is a result referred to as a "puzzle". Subsequent studies, such as those by Stokey (1994) , Barro (1997 Barro ( , 1998 Barro ( , 1999 and Lorgelly and Owen (1999) , find the effect of female education to be statistically insignificant. In contrast to these studies, Caselli et al. (1996) report that the effect of female education is positive and statistically significant, while that of the male education is negative and also significant. Forbes (2000) and Yamarik and Ghosh (2004) also find a positive and statistically significant effect of female education on growth. In Forbes' (2000) study, the effect of male education on growth is negative and insignificant, while it is negative and significant in Yamarik and Ghosh. Evans (2009) finds that female education has a significant and positive effect on economic growth when the gender gap is slight but may have negative effects as the gender gap widens. Knowles et al. (2002) find a positive and statistically significant effect of female education and insignificant effect of male education on labor productivity. Further, Dollar and Gatti (1999) and Durham (1999) find statistically insignificant effects on growth of female and male education in the total sample. However, when Dollar and Gatti (1999) split the sample into developed and developing countries, the effect of female education is positive and significant for the developed country sample while male education is not, which is similar to our findings for the developed provinces of Turkey.
Further, in the pooled estimation in this study for Turkey, both the female and male education are statistically significant. The use of consistent cross-province data from a single country, as opposed to the data problems faced in cross-country studies, may have contributed to this result. The four studies that consistently find positive and statistically significant effects of both female and the male education are by Benavot (1989) , King (1993, 1995) , Schultz (1995) and Boopen (2006) . Our pooled estimation results are similar to these studies.
Concluding Remarks
This report examined the separate effects of female and male educational attainment as well as the effect of an educational gender gap on economic development in Turkey, using census data for the period 1975-2000. We strived to find answers to the questions of i)
whether in the long run, higher levels of female and male education result in a higher level of output per worker and also ii) whether a rise in the educational gender gap adversely affects labor productivity across the provinces of Turkey. The pooled estimation results indicate a positive, significant effect on labor productivity of both female and male educational attainment. Opposite results are obtained for the less developed provinces and the developed provinces. While in the less developed provinces, only the male education coefficient is statistically significant, in the developed provinces only the female education is statistically significant. Thus it appears in the less developed provinces that the average schooling attainment of women is so low it fails to make an impact on development. This suggests to us not that female education is unimportant, but that average schooling attainment levels must reach some threshold before they have any impact on development/productivity. It may also be that there are fewer opportunities for the more educated workers in the less developed areas. This is clearly seen by the fact that there is significant internal migration in Turkey from the less developed areas to the developed metropolitan centers. In general, these migrants have a higher educational attainment level than the average for their home provinces.
Since workers are free to migrate, they go where their education or skills may be put to more productive use. The results of this paper are robust to a number of sensitivity analyses. The sensitivity analysis included elimination of outlier observations using the Cook's distance criterion, controls for simultaneity and measurement errors with 2SLS estimation, controls for omitted variables by including regional dummy variables, steady-state versus growth equation equations and controls for different samples by considering less developed and developed provinces separately. Our OLS and 2SLS results in the sensitivity analysis indicate a positive and significant coefficient for female education and an insignificant coefficient for male education. The effect of female education appears to be stronger for the developed provinces than for the less developed provinces. Furthermore, a gender gap in education has a negative and significant effect on productivity as expected in all of the provinces as well as in the less developed and the developed provinces.
We propose two explanations for the somewhat lower female education coefficient than that of male education in the pooled estimations. First, female production tends to be concentrated in low value-added sectors that do not require high skills or education levels.
One of the important features of Turkey's economy is the rapid urbanization of the population with a continual decline in the agricultural share in production. The extremely low levels of urban female labor force participation may be attributed to the decline in agricultural production combined with a lack of job opportunities in the urban sector (Tansel, 2002) . Thus, gender differences in the sectoral division of labor may help explain why increases in female education lead to lower increases in labor productivity than do increases in male education.
The second explanation is that studies have shown that returns to education rise with the education level. If we accept that returns to education are predominantly based on the productivity of individuals, then the relatively higher level of male education is expected to result in a higher contribution to productivity. However, micro studies have shown that returns to education for females are, in general, higher than that for males so that the first explanation may be more plausible.
Limitations of the Study and Directions for Further Research
A shortcoming of the model of labor productivity used in this study is that it fails to address the possibility of positive externalities of female education on labor productivity in general through its effect on the accumulation of education and health capital. Thus, female education has a dual role to play in economic development. The first is its direct effect on female productivity and the second is its indirect effect on both male and female productivity since educated mothers will pay greater attention to the education and health of their children, who will become the next generation of workers. A future direction of study would be to develop and estimate a model that incorporates this important dual aspect of female education in development.
Another important improvement may be to account for entrepreneurial capital, which is not necessarily tied to the level of formal education. In some provinces, such as Çorum, which have been dubbed as the "Anatolian Tigers" because of their economic performance, businessmen use overseas ties to "import" expertise in order to help set up or build businesses in their home provinces. In addition, the model is based on an aggregate production function that ties inputs to outputs. Such a model does not directly incorporate the effect of inefficiencies in production due to the unemployment or underemployment of resources. Our data is based on the labor force, which includes the unemployed who do not contribute anything to production. Other inefficiencies that are ignored by this model which may account for productivity differences across provinces are the possibility of education-job mismatch, which is an important characteristic of the Turkish labor market, and possible differences in the quality of education across provinces.
Investments in human capital, especially public spending on education and health, may also have an important effect on economic growth or labor productivity in many developing countries. Public spending in developing areas improves access to education and health services and leads to a more equal distribution of human capital across an economy, including gender equality. This is therefore an important avenue for further research. Our study has concentrated on human capital stocks rather than investments since this data is more readily available at the provincial level than data on public spending.
Conclusions and Policy Implications
Nevertheless, the results in this report support the emphasis placed by the international agencies, such as the World Bank, on the role of female education in development and growth, especially for the developing countries. Therefore, the important policy implication is that since both the female and the male education attainments contribute positively to labor productivity, the education of female workers as well as that of male workers should be given equal emphasis. Conversely, policymakers should aim to decrease educational gender gaps, which are found to adversely affect labor productivity. Policymakers could concentrate on explicitly targeting girls' education with subsidies to parents to enroll girls as well as genderneutral policy of increasing physical accessibility of schools in locations where gender gaps are large and persistent. With the words used by Hill and King (1993) 
